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1.0 INTRODUCTION 

 

The City of Tucson - Environmental Services Department (COT-ES) has prepared this report to 

document the results of semi-annual groundwater monitoring and remediation system activities 

conducted from July 2015 to December 2015, as required by the Arizona Department of 

Environmental Quality (ADEQ) Water Quality Assurance Revolving Fund (WQARF) at the Los 

Reales Landfill. This report also satisfies the semi-annual reporting requirements for the Arizona 

Department of Water Resources (ADWR) Poor Water Quality Permit (PWQP) 

No. 59-209994.0000 for the Los Reales Landfill. 

 

The Los Reales Landfill is an active municipal solid waste landfill which is owned and operated 

by the City of Tucson.  The location of the subject landfill site in the southeast portion of the City 

of Tucson is shown on Figure 1.  The site is regulated by ADEQ’s Solid Waste Unit for 

municipal solid waste disposal activities, the WQARF program for groundwater monitoring and 

treatment activities, and the Voluntary Remediation Program (VRP) for addressing 

environmental impacts in the Southwest Disposal Area (SWDA). The location of the SWDA in 

relation to the active Los Reales Landfill is shown on Figure 2. Various types of industrial 

wastes were disposed in the SWDA from 1977 to 1980. 

 

Groundwater contaminated with the industrial solvents tetrachloroethene (PCE) and 

trichloroethene (TCE) above regulatory standards has been detected beneath the Los Reales 

Landfill site. Other volatile organic compounds (VOCs) have been detected in the groundwater at 

this site in concentrations less than the applicable ADEQ groundwater quality standards.  The 

City of Tucson is operating a pump and treat groundwater remediation system to contain and 

treat the contaminated groundwater beneath and around the landfill. Soil vapor beneath the 

SWDA contaminated with VOCs is periodically removed by deep soil vapor extraction (SVE) to 

prevent the vapor from further contaminating groundwater in that area of the site. The SVE 

system was last operated from November 2011 to February 2012. A review of historical vapor 

data concluded that the SVE system has effectively remediated the vadose zone soils in the 

SWDA so that contaminants can no longer impact groundwater quality. 
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1.1 Remedial Action Plan Evaluation 

 

The COT-ES retained Engineering and Environmental Consultants, Inc. (EEC) from Tucson and 

their subcontractor Montgomery and Associates (M&A), also from Tucson, to conduct an 

evaluation of remedial strategies for the Los Reales Landfill WQARF site in 2012. According to 

the results of this evaluation, M&A concluded that a long-term transition from the current active 

pump and treat system to groundwater monitoring only (cease operation of the pump and treat 

system) is consistent with the site remedial objectives and with WQARF regulations. The 

groundwater table beneath the Los Reales site has been declining since the treatment system was 

installed in 1999 into a soil zone having increased percentages of silt and clay sized soil particles, 

which have a lower hydraulic conductivity than the overlying predominantly sand and gravel 

soils. The soil zone having lower hydraulic conductivities results in a reduced groundwater 

pumping rate and reduced efficiency of the groundwater pump and treat system. In addition, 

sustained pumping of the groundwater in several of the groundwater extraction wells cannot be 

maintained due to the groundwater levels declining to elevations below the bottom of the well 

screen. 

 

The COT-ES submitted the initial M&A remedial strategy evaluation report to ADEQ in July 

2012 and submitted a revised report in August 2013
1
 in response to ADEQ’s comments

2
. ADEQ 

provided additional review comments for this report to COT-ES in October 2013
3
. In December 

2013, the COT-ES and ADEQ agreed that the revisions recommended by M&A to the original 

approved Remedial Action Plan (RAP) can be documented with a report addendum instead of a 

full report revision
4
.  In addition, it was decided that the addendum to the RAP report would be 

                                                 

1
 Montgomery & Associates, Evaluation of Remediation Strategies Los Reales Landfill WQARF Site, July 25, 2013, 

revised August 29, 2013 
2
 ADEQ: Responses to Evaluation of Remedial Strategies, dated December 28, 2012 and October 22, 2013 

3
 Los Reales Landfill WQARF Site, Tucson Arizona, Revised Report (including Response to ADEQ December 28, 

2012 Comments: Evaluation of Remedial Strategies and Recommendations for Future Operations, dated August 29, 

2013 and received by ADEQ on September 13, 2013. 
4
 Final Meeting Summary WQARF Sites Los Reales Landfill, Broadway-Pantano Landfill, Silverbell Landfill, 

December 9, 2013 
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postponed until the new groundwater monitoring wells recommended in the M&A report were 

installed and sampled. Consistent with the M&A recommendations, the COT-ES installed 

replacement groundwater extraction well WR-379B and groundwater monitoring wells LLM-554 

and LLM-555, located within the Pima County right-of-way,  between May 15 and 

June 15, 2015. A copy of the installation and completion report for these three wells is provided 

in Appendix B. In July 2015, the COT-ES issued authorization to proceed to prepare a response 

to the ADEQ letter of October 2013 to EEC and M&A. Upon review of the M&A preliminary 

draft revised report, the COT-ES decided to obtain sufficient groundwater data from the new 

wells to verify and re-evaluate groundwater model calculations before submitting the addendum 

to the RAP report to ADEQ. At that time, the COT-ES will determine if it is feasible to shut 

down the groundwater treatment system and implement the modified pump and treat approach 

leading toward groundwater monitoring only. On December 28, 2015, the COT-ES met with 

ADEQ and discussed the current status of the modifications to the RAP report. The ADEQ 

acknowledged and agreed with the COT-ES proposed actions regarding this report. 

 

On January 12, 2016, the COT-ES received a fully executed agreement
5
 authorizing the 

installation of proposed monitoring well LLM-556 on State of Arizona owned property from the 

Arizona State Land Department. The COT-ES has started the process to identify a qualified 

drilling contractor and expects to install this monitoring well during the first or second quarter of 

2016. 

 

 

2.0 GROUNDWATER MONITORING 

 

The semi-annual groundwater monitoring sampling event was completed by the COT-ES in July 

2015 in accordance with the site specific Sampling and Analysis Plan (SAP), dated December 

2010 and updated in 2011
6
. A map showing the locations of all monitoring wells at the site is 

                                                 

5
 State Land Department, State of Arizona, Amendment to Right of Way No. 14-106059 

6
 COT-ES : Los Reales Landfill, Tucson, AZ – Sampling and Analysis Plan Addendum, July 25, 2011 
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provided in Figure 2 and well completion data are presented in Table 1. Wells screened above 

240 feet below ground surface (bgs) are denoted as shallow wells and wells screened below 240 

feet bgs are denoted as deep wells. Monitoring wells that are screened both above and below 240 

feet bgs are denoted as long screen wells. 

 

2.1  Water Level Monitoring 

 

The depth to the top of the groundwater table was measured in all monitoring wells on 

July 6, 2015 by the COT-ES prior to the semi-annual groundwater sample collection event. 

Table 2 provides a summary of groundwater level data obtained on July 6, 2015.  The depth to 

groundwater data was used to prepare a groundwater flow map which is provided on Figure 3. 

At the Los Reales Landfill site, groundwater generally flows from the southeast to the northwest. 

A general area of depression is visible in the northwest corner of the landfill site due to the 

operation of nearby groundwater extraction wells, as shown on Figure 3.  Groundwater level 

data is not collected from the extraction wells because the water level in these wells changes 

continuously in response to groundwater pumping and extraction. 

 

Figure 4 provides a hydrograph for groundwater level data from selected monitoring wells.  The 

groundwater table in the area of the Los Reales Landfill has declined by approximately 14 feet 

since 2000, at an average rate of 0.93 feet per year (ft/yr). The groundwater level decline for the 

period from July 2014 to July 2015 was 0.21 feet, which is an increase from the 0.10 foot decline 

experienced from July 2013 to July 2014. The maximum groundwater table decline in the 

reporting period was 9.1 feet, which was observed at monitoring well LLM-501. 

 

2.2  Groundwater Sampling 

 

During the July 2015 groundwater sampling event, the COT-ES collected groundwater samples 

from a total of 41 groundwater extraction and monitoring wells.  One private well was also 

sampled during this sampling event.  Data obtained from the recently installed monitoring wells 
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LLM-554 and LLM-555 and replacement extraction well WR-379B were submitted to the Turner 

Laboratory in Tucson for analysis. All other groundwater samples were sent to the Tucson Water 

Quality Laboratory (TWQL) for analysis.  The groundwater monitoring laboratory reports and 

field sample sheets are provided in Appendix A. 

 

Figure 5 shows the extent of PCE and TCE concentrations observed during the July 2015 

sampling event. As summarized in Table 3 and Figure 5, PCE exceeded the AWQS in 12 wells 

at the site during the July 2015 monitoring event. For this reporting period, the highest PCE 

concentrations were observed in the southwestern monitoring well WR-049A with a 

concentration of 23 µg/l and in the north-central extraction well R-061A with a concentration of 

19.5 µg/l. TCE exceeded the AWQS of 5 µg/l in monitoring well WR-049A with a concentration 

of 12.3 µg/l. 

 

Graphs showing historical PCE concentrations for selected wells are shown in Figure 6 through 

Figure 12. The wells are grouped by location into northwestern, southwestern and eastern areas 

of the landfill site for ease in viewing trend lines for specific areas. The TCE trend lines are 

similar but at lower concentrations than the PCE trend lines and are not presented in graphical 

form. In general, concentrations of PCE are stable for the majority of the extraction and 

monitoring wells. 

 

Figure 12 shows the history of detected PCE concentrations in the deep screen monitoring wells, 

including extraction well R-062B.  The concentration of PCE in R-062B was reported at 5.2 µg/l 

in July 2015. Concentrations of PCE in R-062B first exceeded the AWQS in monitoring 

conducted in 2008. The COT-ES connected well R-062B to the groundwater treatment system as 

an extraction well in March 2010 in an effort to contain and reduce PCE concentrations in the 

deep groundwater zone in this area. Concentrations of PCE in this well have stabilized below 6 

µg/l.  TCE concentrations are below the AWQS in R-062B and TCE was not detected in the 

remaining three deep screened wells sampled (Figure 5, Table 3). 
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Other VOCs were also detected in monitoring wells at the Los Reales Landfill during this 

reporting period but the concentrations were either below the AWQS or the compound detected 

does not have an AWQS (Table 3, Table 4, and Appendix A).  Metals were not analyzed during 

the July 2015 sampling event but previous results for metals analysis are summarized in Table 4.  

 

The COT-ES obtained a groundwater sample for laboratory analysis from the Junque for Jesus 

(JFJ) private water supply well in July 2015. The JFJ private well is located on the west side of 

Swan Road to the west of the Los Reales Landfill site. The laboratory analytical results for this 

analysis indicated no detect for any of the VOCs, as shown on Table 3. The COT-ES will 

continue to coordinate with the property owner to sample this private well on a semi-annual 

basis. 

  

Montgomery and Associates (M&A) evaluated recent trends in tetrachloroethene (PCE) 

concentrations in monitoring wells for the approximate period from 2009 to 2015.  A shorter 

period was evaluated for some wells with less data.  Concentration trends were analyzed using 

the Mann-Kendall statistical method. As shown in Table 7, 29 of the 36 wells (81 percent) 

evaluated had decreasing or stable concentrations for PCE indicating that the PCE plume is 

predominantly stable. This finding is consistent with previous evaluations at the site.  The 

remaining seven monitoring wells had an increasing concentration trend for PCE. 

 

2.2.1 Quality Assurance/Quality Control 

 

Quality assurance/quality control (QA/QC) for the July 2015 sampling event included the 

analysis of four duplicate groundwater samples and nine trip blank samples. Analytical results for 

the QA/QC samples are presented in the laboratory reports provided in Appendix A. 

 

There were no analytes detected in any of the trip blank samples. All of the duplicate sample 

analyses were within 30% relative percent difference (RPD) of the original sample analyses. A 

table listing RPDs for original and duplicate samples is provided in Appendix A. 
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During this sampling period, eight coolers arrived at the laboratory outside the 4º C (±2
o 

C) 

temperature range. The following laboratory log-in numbers identify a cooler which had water 

samples less than 2º
 
C:  

 

 L151384 (1.4° C) 

 L150816 (1.4° C) 

 L150836 (1.4° C) 

 L150845 (1.2° C) 

 L150853 (1.0° C) 

 L150868 (1.8° C) 

 L150895 (1.0° C) 

 

There were no sample coolers received by the laboratory at a temperature above 6º
 
C. Since none 

of the samples were noted as frozen upon receipt by the laboratory, COT-ES does not believe 

these temperatures would affect the quality control of the samples.  In addition, all coolers were 

delivered to the laboratory within the same day, typically within two hours of the last sample 

collection. 

 

All laboratory quality control samples for site constituents of concern were within acceptable 

quality assurance objectives and would not likely affect data results. 

 

 

3.0 GROUNDWATER TREATMENT SYSTEM PERFORMANCE  

 

Groundwater influent samples and treated water effluent samples were collected monthly by 

COT-ES from the groundwater pump and treat system during this reporting period. This data 

along with field sampling forms are provided in Appendix A. Table 5 provides a system 

operational summary of the operation of the treatment system for the period from July through 
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December 2015. Table 6 provides a summary of groundwater extraction and injection volumes 

for each remediation system well, as required by the PWQP. 

 

The average system groundwater extraction rate for the entire treatment system during the July 

through December 2015 reporting period was 75.8 gallons per minute (gpm). During this 

reporting period, approximately 19.2 million gallons of groundwater was extracted from the 

aquifer for treatment and the treatment system operated 98 percent of the time. Approximately 58 

percent of the treated water was used for dust control and irrigation at the landfill site and the 

remainder of the treated water was reinjected into the regional aquifer through deep screened 

wells IJ-001, IJ-002 and R-105A. The system removed approximately 0.99 pounds of PCE and 

0.41 pounds of TCE during this reporting period, as shown on Table 5.  Since start-up in 1999, 

the treatment system has treated approximately 498.7 million gallons of groundwater. Since 

2000, the treatment system has removed approximately 27.6 pounds of PCE and 10.3 pounds of 

TCE from the groundwater. 

 

As stated earlier in this report, in 2015 COT-ES installed two additional groundwater monitoring 

wells and one additional extraction well. The COT-ES will evaluate if additional groundwater 

extraction well(s) are reasonable and necessary to protect the public health and environment after 

the M&A groundwater model has been re-evaluated and a performance monitoring plan has been 

developed. 

 

As part of the on-going well rehabilitation program, extraction well WR-470 was rehabilitated 

during the July through December 2015 reporting period. The rehabilitation of this well consisted 

of downhole dedicated pumping equipment removal, mechanical surging, brushing, bailing, dry 

ice sublimation, well purging and reinstallation of dedicated pumping equipment. 
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4.0 SOUTHWEST DISPOSAL AREA - SOIL VAPOR EXTRACTION SYSTEM  

 

The location of the SWDA at the Los Reales Landfill is shown on Figure 2. The COT-ES 

operates the soil vapor extraction and treatment system (SVE) at the SWDA on an as-needed 

basis to reduce soil vapor concentrations in the vadose zone to prevent groundwater 

contamination. The SVE system was not operated during the July through December 2015 

reporting period. The SVE system had been operated intermittently between May 2003 through 

February 2012 and has removed approximately 490 pounds of total vapor phase VOCs, including 

104 pounds of PCE and 55 pounds of TCE, as shown on Table 8. Soil vapor samples are 

collected from the SVE system on a triennial basis (once every three years). The next soil vapor 

sampling event is scheduled for February 2018. As shown in Table 8, PCE and TCE 

concentrations since August 2003 have been significantly lower than the groundwater protection 

levels (GPLs) developed by Hargis & Associates
7
 in 2008 for the Los Reales Landfill.  Based on 

the vapor data results, the SVE system has effectively remediated the vadose zone soils so that 

contaminated vapor can no longer vertically migrate to impact groundwater quality. 

 

The COT-ES reviewed historical and current data from the SWDA and determined that the 

corrective actions proposed in the December 2004 RAP report are not currently applicable to this 

area of the site.  Review of the groundwater quality data suggests that the groundwater impacts 

observed at WR-049A are a result of the management of the Los Reales Landfill and not from 

the waste disposed at the SWDA. Therefore, potential groundwater impacts resulting from 

materials disposed at the SWDA are very unlikely. Accordingly, during the December 28, 2015 

meeting, COT-ES presented the results of the data review and requested that ADEQ consider 

issuing a No Further Action (NFA) letter for the solid waste disposed in this area under the 

Voluntary Remediation Program (VRP). 

 

                                                 

7
 EEC and Hargis + Associates, Inc., Soil Vapor Assessment at Los Reales, Prudence, Vincent Mullins, Irvington, 

Cottonwood, and Ryan Landfills, April 10, 2008 
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ADEQ acknowledged COT-ES’ request and agreed to: 

 

 Review historical and current soil gas data from the semi-annual monitoring reports, 

convert most appropriate data to soil-equivalents and evaluate these values against the 

most recent Soil Remediation Levels (SRL) and GPLs. 

  

 Evaluate historical and current data with respect to WR-049A and other groundwater data 

in the vicinity to verify the COT-ES conclusion that the source of groundwater 

contamination observed at WR-049A is the Los Reales Landfill and not the SWDA. 

 

 The ADEQ will notify the COT-ES of the next steps leading toward the issuance of the 

NFA letter for the SWDA. 

 

5.0 CONCLUSIONS  

 

 PCE concentrations exceeded the AWQS of 5 µg/l in 12 monitoring wells during the July 

2015 groundwater sampling event. The highest PCE concentration was observed at 

monitoring well WR-049A at a concentration of 23 µg/l. 

 

 TCE concentrations exceeded the AWQS of 5 µg/l in monitoring well WR-049A with a 

concentration of 12.3 µg/l. There were no other exceedances of the AWQS for TCE in 

this monitoring event. 

 

 Concentration trend analysis performed by M&A using the Mann-Kendall statistical 

method concluded that 29 of the 36 monitoring wells (81 percent) evaluated had 

decreasing or stable PCE concentrations, indicating that the PCE plume is largely stable 

with areas of declining concentrations. The remaining seven wells had an increasing 

concentration trend. 
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 The average extraction rate for the entire treatment system during this reporting period 

was 75.8 gpm. 

 

 During this reporting period, the treatment system extracted and treated approximately 

19.2 million gallons of water.  Approximately 58 percent of the treated water was used 

for dust control and irrigation at the Los Reales Landfill.  Since start-up in 1999, the 

remediation system has extracted and treated approximately 498.7 million gallons of 

groundwater. 

 

 The treatment system removed 0.99 pounds of PCE and 0.41 pounds of TCE during this 

reporting period. Since 2000, the remediation system has removed approximately 27.6 

pounds of PCE and 10.3 pounds of TCE from the groundwater. 

  

 Extraction well WR-470 was rehabilitated during the July through December 2015 

reporting period. 

 

 Review of historical vapor data from the SWDA concluded that the SVE system has 

effectively remediated the vadose zone soils so that contaminants will not impact 

groundwater quality. 

 

  COT-ES proposed to obtain sufficient groundwater data from the newly installed 

monitoring wells LLM-554, LLM-555 and LLM-556 to verify and re-evaluate the M&A 

groundwater model calculations and determine if the implementation of the modified 

pump and treat approach is feasible. ADEQ concurred with this COT-ES 

recommendation. 

 

 On January 12, 2016, the Arizona State Land Department issued a fully executed 

agreement authorizing COT-ES to install the additional monitoring well (LLM-556) on 
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State of Arizona land. The COT-ES expects to install this monitoring well during the 

second quarter of 2016. 
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